Special Report
Current therapies for Multiple Sclerosis (MS) are effective at reducing the inflammatory component of the disease but do not appear to directly limit axonal degeneration. Mesenchymal stem cells (MSC) were initially targeted as a relatively accessible source of pluripotent cells with the potential to home to sites of injury, suppress inflammation, and rebuild the injured nervous system. While the functional differentiation and integration of MSC-derived neural cells into the brain has not been reliably demonstrated in vivo, evidence of neuro-protection through the production of trophic factors has been consistently observed. 1, 2 Although pre-clinical studies have shown clear benefits in experimental models of MS, 3 clinical translation has been slow and therefore the benefits and risks in MS is mostly unknown. Most pre-clinical and clinical experience with MSCs have involved bone marrow-derived MSCs (BM-MSCs). However, pre-clinical evidence suggests that other sources of MSC such as adipose or umbilical cell-derived MSC (hUC-MSCs) may actually be more efficacious and suitable for clinical translation. 8, 9 We report a patient treated with hUC-MSC infusions as well as BM-MSCs over a 4 y period.
A 25-y-old previously well man from Honghe city, Yunnan Province had an initial episode of right leg weakness and gait there is currently great interest in the use of mesenchymal stem cells as a therapy for multiple sclerosis with potential to both ameliorate inflammatory processes as well as improve regeneration and repair. Although most clinical studies have used autologous bone marrow-derived mesenchymal stem cells, other sources such as allogeneic umbilical cord-derived cells may provide a more accessible and practical supply of cells for transplantation. in this case report we present the treatment of aggressive multiple sclerosis with multiple allogenic human umbilical cordderived mesenchymal stem cell and autologous bone marrow-derived mesenchymal stem cells over a 4 y period. the treatments were tolerated well with no significant adverse events. Clinical and radiological disease appeared to be suppressed following the treatments and support the expansion of mesenchymal stem cell transplantation into clinical trials as a potential novel therapy for patients with aggressive multiple sclerosis.
Yan'an Hospital. BM mononuclear cells were isolated by Ficoll density centrifugation and cultured, expanded (up to passage 2), characterized, and cryopreserved under good manufacturing practice conditions using conventional standard operating procedures based on the European Group for Blood and Bone Marrow Transplantation developmental committee protocol 4 and characterized according to International Society of Cellular Therapy (ICST) recommendations 5 ( Fig. S1) . In November 2008, 1.3 × 10 7 BM derived MSCs were infused intravenously and 6.3 × 10 5 infused intra-thecally with no side effects. Two further infusions of BM-MSC were performed 3 mo apart (19th February 2009, intravenous and intra-thecal, and 7th May 2009, intravenous). Gradual clinical improvement was observed and by May 2009, he was able to walk over 500 meters without rest (see Table 1 ).
As the patient stabilized, consideration was given to the use of hUC-MSC. UC-MSCs were extracted from Wharton's jelly obtained from the placenta of healthy mothers (unrelated to the patient) delivering at Yan'an Hospital following informed consent. Cells were cultured as previously described 6 Throughout the 4 y treatment period (November 2008-present), the patient remained completely free of clinical and radiological disease activity with no treatment other than BM and UC-MSC. He made a good recovery from the severe relapse in 2008 and remains able to walk unaided for > 500 meters (although not unlimited). No new lesions were reported on the MRI performed in July 2012 and in fact, many lesions had resolved (see Fig. 1 ). It was also interesting to note that oligoclonal bands which were present in July 2008 were not detected when tested after the first four MSC transplants.
This case study illustrates a number of interesting points with regard to hUC-MSC transplantation. First, it demonstrates that large numbers of allogeneic hUC-MSC can be obtained more easily than BM-MSC. It is not particularly desirable for a patient with aggressive MS to be subjected to a painful large volume BM aspirate procedure. Even starting with 200 ml of bone marrow and expanding to passage 2, less than 30 × 10 6 MSC could be obtained. In comparison, 110 x 10 6 UC-MSC cells were obtained from one umbilical cord after only 2 passages. Animal studies have suggested that higher doses (> 1-2 × 10 6 ) of MSC are more effective. 7 Allogeneic UC-MSC could also be readily available "off-the-shelf" for any patient who required them. This case suggests that the systemic infusion of a large number of non-HLA matched hUC-MSC is probably safe without significant graft-vshost disease in the absence of pre-conditioning. MSCs lack HLA class II antigens and T-cell co-stimulatory molecules and have actually been shown to reduce graft-vs-host rejection following allogeneic bone marrow transplantation for hematological malignancy. 4 Despite quite an aggressive early disease course with many poor prognostic indicators (male, spinal cord involvement, and early disability), inflammatory activity was significantly reduced following the MSC treatments with no further clinical relapses or new MRI lesions. The EDSS improvement from 3.5 to 2.0 over the duration of the treatment period was probably due to natural recovery of function associated with suppression of inflammatory disease as observed with Natalizumab 10 however secreted trophic factors promoting repair is a possibility based on in vitro data. 1 Randomized and blinded clinical trials involving a large number of MS patients is required to fully assess the safety and efficacy of MSC transplantation as described by Freedman et al. 7 Case reports such as this illustrate the feasibility and potential of MSC therapy in MS, an important first step toward clinical trials.
In conclusion, this is a unique case of a patient with MS transplanted with multiple allogeneic hUC-MSC and autologous BM-MSC infusions. Allogeneic hUC-MSC may be a safe, effective, and more practical source of stem cells for the treatment of MS.
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